This study conducted to determine relationship among and within Iranian Helichrysum species (Asteraceae). In this study based on ISSR markers, the highest percentage of ISSR loci polymorphism (54.7%) occurred in H. armenium. The highest gene diversity over loci (1.224), Shannon's Information Index (0.224%) and Expected Heterozygosity (0.142%) occurred in H. armenium (0.18) and the lowest of these parameters (0%) were observed in H. araxinum, H. graveolens, H. persicum and H. psychrophilum. The highest genetic similarity occurred between H. armenium and H. rubicundum (0.989), while the lowest was between H. polyphyllum and H. graveolens (0.213). The analysis of molecular variance (AMOVA), showed significant genetic variation among (24%) and within (76%) species. In morphological analysis traits such as indumentum, resting bud, achene length, achenial papillae, dimension of receptacle and form and apex of phyllaries were main diagnostic features. Results obtained from the morphological cluster were greatly consistent with the molecular data, to elucidating taxonomic relationships, as well as both attributed the higher diversity in H. armenium and H. rubicundum in comparison with other species and also indicated that H. persicum is a member of H. oocephalum species. Totally we confirmed the presence of 18 species in Iran.
Introduction
Helichrysum Mill (Gnaphalieae) is one of the largest genera in Asteraceae with about 600 species in the world (Anderberg 1991 , Bayer et al. 2007 ). It includes a great diversity of life forms, from annual plants to trees, although most of the species are sub shrubs or shrubs. The genus is characterized as having homogamous or heterogamous capitula, generally with hermaphrodite florets outnumbering female florets; phyllaries with a fenestrated stereome; a flat, generally smooth or toothed receptacle; cypselae glabrous or covered with duplex or twin hairs; and a pappus that is monomorphic and usually uniseriate, consists of several scabrid to plumose bristles, and is free at the base (Hilliard & Burtt 1981) . Even though the highest biodiversity of Helichrysum is in the African continent and Madagascar (Anderberg 1991) , but also ~45 of them distributed in the Mediterranean, European, western Asian, and central Asian, that are morphologically characterized as having the following traits: homogamous or heterogamous capitula, with hermaphroditic flowers outnumbering the pistillate ones; phyllaries with a fenestrated stereome; smooth or alveolate receptacle; cypselae glabrous or with duplex hairs; monomorphic uniseriate pappus, consisting of several free scabrid bristles, with patent cilia at the base.
According to Flora Iranica (Georgiadou et al. 1980 ) 19 species are distributed in Iran, that seven species of them are endemic.
Helichrysum is a large and taxonomically difficult genus ). Because of extreme morphological variation, plant identification is often obscured by high inter and intra -population variation (Puglia et al. 2016) . Thus evaluation of variation within taxa and populations is necessary, and it is one of the main aims of the present study.
In this genus the relationships and infrageneric classification have remained largely unresolved. Morphological approach provided essential tools for estimating the plasticity of the species within this genus (Galbany-Casal et al. 2006a , Salmeri et al. 2014 . Some studies concerning molecular markers have provided insights into phylogenetic relationships, by using nrDNA ITS and chloroplast psbA-trnH sequences and DNA ndh F sequence variation , Smissen et al. 2011 and amplified fragment length polymorphism (W. Sabetta 2006 , Scialabba et al. 2008 , Galbany et al. 2012 . Other type of DNA markers which are used for genetic analysis in Helichrysum species include, express sequence tag-polymerase chain reaction (ETS-PCR) that is used to evaluate phylogenetic relationships in Helichrysum and related genera (Galbany et al. 2014 ).
In the present study, we used ISSR marker that has not been reported with Helichrysum except in three Helichrysum species in Iran and seven species in Sicilian Helichrysum , Taban et al. 2015 , Puglia et al. 2016 . The main aims of this study were (1) to investigate the genetic relationships within Iranian Helichrysum using molecular data, (2) to identify diagnostic morphological traits which are useful for the classification of genera, and (3) to assess the relationships among and within Helichrysum species. The localities in which these were collected are detailed in Table 1 . 66 populations were collected by us from different parts of Iran between 2010-2012 and are kept in the Herbarium Shahid Beheshti University (HSBU) and 34 populations are based on specimens from Research institute of forests and rangelands (TARI) herbarium.
Material methods

Plant material
Morphometric analysis
Based on material and literature data, 36 morphological traits were investigated for 249 individuals of 87 populations. Of the traits incorporated in the analysis, 18/1 • 2019, 105-118 Narjes Azizi, Masoud Sheidai, Valiollah Mozaffarian, Mitra Arman & Zahra Noormohammadi Assessment of relationships among and within Helichrysum Mill. (Asteraceae) species by using ISSR markers and morphological traits 28 were quantitative and 8 were qualitative (Table 3) , totally only eight of them corresponded to vegetative features and the remaining traits being concerned with the synflorescence, capitula or florets. Indumentum, involucral bracts, florets and pappus were examined under a Zeiss Stemi DV4 binocular stereoscopic microscope. For the quantitative traits, the mean of measurements per specimen was used in the analyses. As well as these traits were scored at population level for the joint populations both used in molecular and morphological analyses, (the mean of three measurements per specimen was used in the analyses). Measurements were taken with a precision of 0.1 mm. The quantitative morphological traits were divided in to discrete groups and along with qualitative traits were coded as binary or multistate traits.
UPGMA (Unweighted Paired Group using Average mean), NJ, WPGMA clustering methods with 100 times bootstrapping as well as principal components analysis (PCA), principal coordinate analysis (PCoA) and multidimensional scaling (MDS) were performed to group the plants specimens based on morphological traits. The Euclidean distance was used for clustering methods. Cophenetic correlation was determined to check the fit of dendrograms to the original distance matrix (Podani 2000) . Data analyses were performed by using PAST ver. 2.17 (Hamer et al. 2012 ).
ISSR Analyses
A total, 64 populations of 18 species (Table 1) were used for DNA extraction by using CTAB-activated charcoal protocol . We used 2-3 randomly collected plant specimens for any population. ISSR assay DNA was extracted from silica-gel dried leaves collected in the field or from herbarium material.
The extraction procedure was based on activated charcoal and Polyvenyl Pyrrolidone (PVP) for binding of polyphenolics during extraction and on mild extraction and precipitation conditions. This promoted high-molecular weight DNA isolation without interfering contaminants. Quality of extracted DNA was examined by running on 0.8% agarose gel.
The ISSR bands obtained were treated as binary characters and coded accordingly (presence = 1, absence = 0). Genetic diversity parameters were determined in each species. These parameters were percentage of allelic polymorphism, allele diversity (Weising 2005 ), Nei's gene diversity (H), Shannon information index (I) (Weising 2005 , Freeland et al. 2011 , number of effective alleles and percentage of polymorphism. The genetic divergence of the studied populations was checked by principal coordinate analysis provided and after 999 permutations.
Model-based clustering as performed by STRUC-TURE software ver. 2.3 (Pritchard et al. 2000) , was carried out to group the studied populations based on genetic affinity. This program was also used to reveal the genetic admixture of the studied populations.
AMOVA (Analysis of molecular variance) test (with 1000 permutations) as performed in GenAlex 6.4 (Meirmans & Van Tienderen, 2004) , was used to show the molecular difference among the studied populations.
Results
Morphological comparison
In order to define relationship among 19 Helichrysum species based on comparison of morphological features, 36 morphological traits were evaluated. Based on the Euclidian distance, a taxonomic distance matrix of those measured quantitative and qualitative traits using WPGMA method was calculated (not shown), and employed for dendrogram construction. The individuals collected here were grouped into twelve clusters with single to multiple species at a Euclidean distance of 0.96. The first cluster consisted of H. makranicum separated from all other species with brown wish pigmentation of tip of middle involucral bracts, corolla lobes recurved, lack the basal leaf and resting bud. The second cluster consisted of the populations of H. psychrophilum and H. pallasii. Third cluster included populations of H. artemisioides and H. davisianum differ from other species in having traits as achene length, branches stem and the shape of basal and middle leaf. H. polyphyllum, H. pseudoplicatum and H. plicatum specimens with common morphological trait as phyllaries whit longitudinal plicate and presence of buddy vertical prop separated from other species placed in forth cluster. Fifth cluster included the H. graveolens populations with a close relationship to fourth cluster. Sixth cluster composed of H. leucocephalum that differs from other species in having recurved to behind involucral bracts. Principal component analysis showed that six components explained 68.2% of the total variation which is contributed by all traits of the study (Figure 1 ). The first component presented 15.6% of the variation in which the stem indumentum trait was predominant in the first component and contributed most of the total variation. The second component presented 15.46% of the variation in which, attenuated resting bud and its indumentum, middle and upper stem leaf indumentum, achenial papillae, achene length and receptacle dimension had the highest loadings. The third component explained 10.6% of the total variation and middle involucral bracts indumentum was dominant.
The two multivariate approaches, UPGMA and PCoA, are used in the analysis of genetic relationships within and among the sections and subgenera of Helichrysum which have produced comparable results generally.
ISSR Results
The ISSR technique is particularly powerful in discovering the genetic diversity of the genus when there is little information available for genetic characterization of species genomes. A total of 1145 PCR products were generated by 10 ISSR primers, that all of them were polymorphic. Each primer received bands from 76 (CA7AT) to 247 (CA7AC) with an average of 105 bands per primer within a size range from 100 (811) to 2000 bp (CA7AT). Among ISSR primers, seven primers revealed the amplified DNA fragments that were unique to twelve Helichrysum species (Table 2) . These ISSR primers amplifying species-specific DNA fragments would provide molecular tools for Helichrysum species authentication. We identified many putative species-specific markers. (17) 50 (17) 52 (17) 53 (17) 54 (17) 55 (17) 56 (17) 57 (17) 58 (17) 59 (17) 60 (17) 61 (17) 62 (17) 63 (17) 64 (18) 51(17) 1.0 0.8 0.6 0.4 0.2 0.0 1 (1) 2 (1) 9 (3) 10 (3) 3(1) 4 (1) 5 (1) 6 (1) 7 (2) 8 (2) 47 (16) 46(16) 11 (4) 13 (4) 14 (4) 12(4) 15 (5) 16 (6) 17 (6) 18 (6) 19 (7) 20 (8) 21 (8) 22 (8) 23 (8) 24 (8) 25 (8) 26 (8) 27 (9) 29 (9) 28(9) 31 (10) 32 (10) 30(9) 33 (10) 34 (11) 35 (11) 36 (12) 37 (13) 38 (13) 39 (13) 41 (13) 42 (14) 40 (13) 43 (14) 44 (15) 45 (15) The highest gene diversity over loci ( The analysis of molecular variance (AMOVA), showed significant genetic variation among (24%) and within (76%) species the studied. The admixture estimates from STRUCTURE ( Figure 2) show high degrees of gene exchange among populations.
Cluster analysis based on the ISSR genotyping profiles
Genetic similarity for populations ranged from 0.80 to 0.99 (Table 2 ). The highest genetic similarity occurred between H. armenium and H. rubicundum, while the lowest was between H. polyphyllum and H. graveolens.
A dendrogram was constructed to infer phylogenetic relationships by using NJ method, the total number of amplified ISSR fragments was considered among 64 populations of 18 Helichrysum species and it was consisted of six well-supported distinct clusters (Figure 3) 
PCoA
The principal coordinate analysis (PCoA) was performed to specify the association between populations in more detail. The overall separation pattern of the samples in PCoA plot, were in agreement with NJ molecular dendrogram (Figure 4) .
The distribution pattern of many populations such as: H. rubicundum, H. armenium, H. globiferum populations according to ISSR dendrogram and PCoA analysis were confirmed by hierarchical AMOVA substantially, showing that 80% of the overall variation was attributed to variation within each species, whereas only 20% was due to variation among different species.
A dendrogram based on the combined ( Figure 5 ) ISSR marker and morphology data from 61 populations was constructed in order to generate more robust results. Totally four major clusters were formed, the first comprising the H. glanduliferum, populations of H. armenium and H. globiferum. Second cluster included two subgroups: one was included the populations of the H. globiferum, the second subgroup was included H. plicatum and H. pseudopolicatum with a close relationship with H. Pseudoplicatum.
The third cluster was made up from four subclusters: a population of H. armenium was the outer of the other subgroups, Second subcluster was included H. armenium and a population of H. globiferum. The third subcluster was formed from H. leucocephalum and fourth subcluster was consisted of H. armenium populations. These species were separated clearly by the principal coordinate analysis and were corresponded largely to those which were obtained through combined cluster analysis.
These data demonstrated the ISSR technique was a valuable molecular method for the authentication of medicinal plants at genomic DNA level.
Discussion
In this study, we used morphological and molecular traits in order to elucidate the systematic relationships in Helichrysum species. Some of morphological qualitative and quantitative traits were highly reproducible and informative for species identification and classification in Iranian Helichrysum plants.
For example: the absence of basal leaf and resting bud and the shape of corolla lobes traits (Discriminate H. makranicum from the other species) is the imported have great taxonomic value which distinguishes the H. makranicum from the other species. As well as basal leaf width trait is very useful for distinguishing certain H. davisianum and H. polyphyllum of other spesies.
Many authors, such as Behnke (1984) , Güemes et al. (1992) , Servettaz et al. (1994 ), Bini Maleci et al. (1995 and Mráz (1998) emphasize the great value of trichomes in modern taxonomy. The two Helichrysum species (H. coralloides and H. parvifolium) that both possess many unique trait states were distinguished from each other in terms of the indumentum trait (Mckenzie et al. 2014) .
Traits such as stem indumentums and basal and middle leaf indumentums which are observed for Iranian Helichrysum -except in H. armenium and H. rubicundum which this trait is very variable-and is particularly useful for distinguishing species.
Totally, the trichomes found on rest bud, stems, leaves and phyllaries all species were very helpful in distinguishing species. Also, it varies considerably in H. rubicundum and H. armenium species with ranges which often overlap among these taxa. However, it remains trait as a very useful trait for distinguishing species.
Phyllaries are always densely or laxly arranged imbricate in outer, medial and inner rows of Helichrysum species, that the type of imbricate is helpful trait in distinguishing species in Helichrysum sect. stoachadina and Sicilian Helichrysum (Galbany et al. 2011 , Puglia et al. 2016 . It remains as a very useful trait for distinguishing certain pairs of taxa that lack any other distinctive feature: for example, it is useful to distinguish the Sicilian specimens of H. italicum from the remaining specimens of H. italicum subsp. italicum. In our study shape and indumentum traits of phyllaries traits were also helpful in distinguishing species.
The Ratio of Innermost phyllaries length to middle phyllaries length trait is helpful in distinguishing species of H. sect. Stoechadina from H. sect. Virginea (GalbanyCasals et al. 2011, personal observation) .
The thickness of stem trait in H. davisianum, H. artemisioides and H. polyphyllum is the imported taxonomic value which distinguishes them from the other species. However, stem thickness can be very variable in H. armenium, H. rubicundum, H. aucheri and H. globiferum too.
Among quantitative traits, receptacle dimension and achene length are valuable for distinguishing species from each other. The achenial papillae trait is used for distinguishing Helichrysum species (Galbany-Casals et al. 2011, personal observation). We observed types of achenial papillae are consisted of yellow/white duplex hair and yellow/orange multi cellular biseriate glandular hairs on the achane surfaces of Helichrysum species, that was important in species characterization. The yellow duplex hairs were present on the achane surfaces of H. davisianum and in H. artemisioides, were mixed with duplex hairs, while the white duplex hairs were present on the achane surfaces of other species. A population of H. glanduliferum has yellow/ orange multi cellular biseriate glandular hair.
Some results obtained were not in agreement with the literature. In our analyses, H. graveolens have attenuated resting bud, whereas in Flora Iranica (Rechinger et al. 2009 ), they always lack resting bud or stable resting bud.
In Flora Iranica, absence or presence of lateral stem and the number of involucre bracts are very diagnostic traits for distinguishing H. artemisioides of H. davisianum. But in our observation, both species overlap in terms of these trait. Helichrysum artemisioides is closely related to H. davisianum, they share 32 qualitative and quantitative traits, both having a similar habit, slim and branching stems, narrow basal and stem leaf, turbinate capitula with linear phyllaries and long achene with abtuse pappus hairs apical cell. However, they were different in terms of some features, since H. artemisioides specimens are usually glandular, with oblanceolate or oblanceolate-spathulate basal leaf and whit glandular in part of tomentose inner involucral bracts, whereas H. davisianum specimens are ) species by using ISSR markers and morphological traits usually lanate or tomentose glandular, with linear basal leaf, tomentose or tomentose-glandular inner involucral bracts. But since they are very similar and closely related it remains quite difficult to identify valid qualitative morphological traits in order to distinguish these species. Flora Iranica accepted the existence of two species mainly based on two traits: H. artemisioides compared to H. davisianum specimens have branched stem and sometimes with single capitula but in our observation these traits overlap. Consequently, due to these reasons, we suggested that the H. artemisioides at the sub specific level under H. davisianum, although more information is required in order to conclude. The molecular and morphological studies showed that there is a high degree of variability in H. rubicundum and H. armenium.
Results of morphological and molecular cluster analysis showed that the separation was in good agreement with their botanical classification, and inter/ intra species relationships were greatly in agreement with affinities which are suggested in Flora Iranica (Georgiadou et al. 1980) . For example: H. artemisioides and H. davisianum showed close relationships together. As well as H. pallasii is closely related to H. psychrophilum. In fact, they shared many common qualitative morphological traits, both of them are having tomentose indumentum big capitula size with sub hemispherical to hemispherical shape, and densely or moderatly imbricate phyllaries. Although, H. psychrophilum specimens and H. pallasii specimens can be usually separated by papuss bristles traits, as well as H. psychrophilum specimens are usually shorter and they have more ratios of innermost phyllaries length / outermost phyllaries length.
H. plicatum, H. pseudoplicatum and H. polyphyllum specimens were gathered together in one cluster due to presence of vertical buddy prop and longitudinal plicate of phyllaries. Although according to our molecular and morphological studies, H. plicatum and H. pseudoplicatum are generally more similar. They share many common features of leaf and flowers morphology and have the same stem indumentum trait. According to Flora of Turkey (Davis et al. 1975) , these species are accepted at the sub species level under H. plicatum. In fact, these two species are different in some traits: H. plicatum exhibits much variability in leaf shape, dimension and indumentums, moreover this species has slightly larger capitula than H. pseudoplicatum and sometimes they have heterogamous capitula, whereas H. pseudoplicatum has always homogamus capitula. So in agreement with Flora Iranica, we believe that these taxa are different species.
H. polyphyllum differs in some qualitative and quantitative features such as: resting bud indumentums, stem thickness, involucrral bract imbricate, receptacle dimensions, basal leaf width and number of flower per capitula. H. polyphyllum species has ± glabrous resting bud whereas H. plicatum and H. pseudoplicatum have tomentose or lanate resting bud, H. polyphyllum usually is taller with ticker stem, dense involucral bract, with wider basal leaves and larger receptacle and it has the most number of flower, although, according to Flora Iranica some overlap traits, are in disagreement with the species affinities suggested in Flora orientalis, according to molecular and morphological traits, we concluded that exact separation is clear between them.
Some results which obtained were not in agreement with the literature of Flora Iranica, for example: H. rubicundum with a wide and continuous distribution area, large populations is a variable taxon, particularly regarding the indumentum and the habit trait. There are ascendent or decumbent specimens with types of lanate, lanate -glandular, tomentose; tomentose in part glandular stem indumentums and, tomentose-lanate, tomentose-glandular and lanate-glandular indumentums on greenish leaves that usually have revolute margins, although leaves can be observed with flat margins. The yellow, orange, purple or red inner involucral bracts are convex oblanceolate or ovate. After studying numerous representative specimens, we believe that this variability reflects phenotypic plasticity.
Finally, while Flora Iranica describes the absence resting buddy prop as a diagnostic trait for H. rubicundum, on some specimens, we have observed that present them on vegetative stems. H. rubicundum species are founds in different regions of west, north and center parts of Iran, in a wide range of ecological conditions, while H.aucheri grows in small area of H. rubicudum niche, in western Azerbaijan. Both species are closely related together and are difficult to distinguish. In fact, they do not differ in any qualitative and quantitative trait, although these traits sometimes overlap. Flora Iranica describes these taxa and distinguishes H. rubicundum from H. aucheri as distinct species, based on several morphological traits: H. rubicundum having basal resting bud ovate, 6-9 mm diameter, oblanceolate basal leaf, convex and wide oblanceolate intermedial phyllaries with transverse compression, 34-36 flowers with 2.8 -3.6 mm long, achene 0.8-1.2 mm long with 22-23 obtuse pappus, and H. aucheri having basal resting bud elliptic or ovate, ±10-12 mm diameter, oblanceolate-spathulate basal leaf, flat and narrow lanceolate-spathulate intermedial phyllaries with truncate or rotundate apex, 43-48 flowers with 4-5 mm long, achene 1-1.5 mm long with 28-35 clavate pappus. But based on our study on numerous specimens, there are no unique traitistics for each of the species because these traitistics overlap and the separation between them is not having obconic capitula and differs from those species interms of having shorter and unbranched flowering stem, more bulky resting bud, wider inflorescence, shorter involucre, in a lower number of florets and pale yellow to brown phyllaries than those of H. artemisioides and more number of puppi than those of H. davisianum. But according to our analysis, H. persicum is more closely related to H. oocephalum with a wide and continuous distribution area in north, northeast and east parts of Iran, it is mostly a rather variable species whereas H. persicum consists of a specimen which is located in a single location. In addition to our own data which was collected from field observations, we weren't able to find any specimen of this taxon in its location.
In fact, they do not differ in any qualitative and quantitative trait, and both have a similar habit, basal resting bud, lanate-glandular stem indumentum, capitula with hermaphrodite flowers whit white duplex hair on achene surface. Anyway, all traits of H. persicum fits within the range of H. oocephalum morphological variability -for example: hemispherical to sub hemispherical or (±) turbinate. Following these reasons and molecular data, we considered H. persicum as a specimen of H. oocephalum.
Conclusions
In Iran, some of Helichrysum taxa have a wide distribution area with a common ecological niches and form populations together, that are not clearly recognizable from each other. Thus phenotypic plasticity is an explanation for their morphological variation, also there may be a genetic component regarding the morphological differences.
A high degree of similarity was observed between morphological and molecular clusters, it were in good agreement with Flora Iranica. According to both data: H. Although, results of morphological cluster analysis showed an unclear delimitation between specimens and populations of H. armenium, H. rubicundum and H. globiferum, according to molecular data, this disorder was observed in H. armenium, H. rubicundum and H. oligocephalum. These species mostly overlap in distribution area and analysis showed sharing gene between them -according to STRUCTURE -this may be as a result of hybridization to which is in agreement with Taban et al. (2015) .
Our results showed high level of variability at both morphological and molecular levels. However, when molecular markers and quantitative traits were analyzed in the same plant material, more conclusive information was obtained.
